Energy levels, wavelengths, and transition probabilities for the first and second spectra of barium, Ba I and Ba II, have been compiled. Wavelengths of observed transitions and energy levels derived from those wavelengths have been obtained from a critical evaluation of the available literature. Measured and calculated transition probabilities for some of the observed transitions have been obtained from the recent compilation of Klose et al.
Introduction
The last major compilation of energy levels for neutral and singly ionized barium was published in 1958 by Moore in Atomic Energy Levels ͑AEL͒. 1 Since then, knowledge of the energy level structure of neutral barium has expanded considerably as a result of a number of laser investigations of Rydberg series. In addition, Karlsson and Litzén 2 have derived new values for nearly all of the low-lying levels in both neutral and singly ionized barium. These new values are based on their extensive measurements of Ba I and Ba II emission wavelengths from a hollow-cathode discharge source using high-precision Fourier transform spectroscopy. There is no recent compilation of Ba I and Ba II wavelengths, but the work of Karlsson and Litzén is comprehensive enough to effectively fill this void for Ba I. On the other hand, useful data on the emission wavelengths of Ba II are scattered over several sources, some dating back to the 1930s.
Through a critical review of the published literature, I have compiled a consistent and extensive set of data on the energy levels and emission wavelengths for both neutral and singly ionized barium. I have also included, when available, transition probabilities obtained from the recent compilation of Klose et al. 3 The large quantity of experimental data has made it necessary to limit the scope of this compilation in a few important ways. First, the energy levels have been limited to those with principal quantum number nр25 for 6snl configurations, and to those below the 6s ionization limit for doubly excited configurations. This choice eliminates a large quantity of data on bound levels with very high principal quantum numbers (nϾ25) as well as auto-ionizing levels, but is inclusive enough to cover the needs for almost all applications involving weakly ionized gas discharges. A second limitation is the decision to compile only wavelengths obtained from emission spectra. This omits the many transitions observed in absorption using ultraviolet spectrographs and using multistep laser excitation of Rydberg series. References for data not included here are given in Secs. 1 and 2.
Another important limitation is related to the isotopic composition of Ba. Natural barium consists of seven isotopes, with 138 Ba having an abundance of 72%. The isotopic splitting is too small to have been resolved in most experi-ments. However, high-resolution laser spectroscopy has yielded a considerable amount of data for individual isotopes. These data are not directly comparable to results for naturally abundant barium. Therefore, isotope-specific data are not included in this compilation, but references are given. Table 1 contains the energy levels compiled for neutral barium, including nearly complete series, up to nϭ25, for the 6sns and 6snd configurations. A clear majority of the levels of the 6snp and 6sng configurations and about half of the levels of the 6sn f configurations, again up to nϭ25, have been compiled. Seventy-seven levels of 5dnl configurations and four levels of the 6p 2 configuration are also presented. Table 1 is arranged with two purposes in mind. First, the lower-lying energy levels are grouped according to configuration, with each configuration appearing in order of increasing energy. This provides a clear view of the level structure most important in weakly ionized gas discharge applications. Second, levels lying above approximately 41 000 cm Ϫ1 are grouped in series of 6snl configurations with a common value of l. This arrangement facilitates a view of each Rydberg series as a single unit.
Ba I
Karlsson and Litzén, 2 from their observations of a Ba hollow-cathode discharge, derived new values for the energies of 55 even-parity and 47 odd-parity low-lying levels. The differences between the measured wave numbers and the wave numbers calculated from the derived energy levels, for nearly 300 observed lines, have a standard deviation of only 0.002 cm Ϫ1 . Interest in using multichannel quantum defect theory ͑MQDT͒ to describe the perturbation of Rydberg series in neutral Ba has lead to a great deal of experimental work on high-lying energy levels. This work has mostly taken the form of multistep laser absorption to probe 6snl configurations as well as the doubly excited 5dnl and 6p 2 configurations that perturb them. The levels observed extend from moderate to very high values of n. There is considerable overlap in the data from all this work, so some discussion of the experimental details is warranted.
For the high-lying energy levels, this compilation draws primarily on the three sources listed below.
͑1͒ Rubbmark et al. 4 observed the 6sns 1 S 0 series for n ϭ9 to 31, the 6snd 3 D 2 series for nϭ11 to 28, and the 6snd 1 D 2 series for nϭ41 to 52. Rydberg series were observed by selectively exciting the 6s6p 1 P 1 resonance level with a laser, followed by broadband absorption to a Rydberg level. The absorption spectra were dispersed by a grating and recorded on photographic plates. Lines of Cd, Hg, and Ne from spectral lamps provided absolute calibration for absorption wavelengths. The wave number of the absorption transition was then added to the energy of the intermediate level to determine the energy of the observed level. Rubbmark 5 used two-step laser excitation to Rydberg levels of Ba in a gas discharge. Working in a discharge instead of a simple vapor allowed them to pump from the well-populated 6s5d metastable levels with Jϭ1, 2, or 3 to Rydberg levels with Jϭ0, 1, 2, 3, 4, or 5. They observed, using the optogalvanic effect, 6sns, 6snd, and 6sng levels, as well as all levels of the 5d6d configuration ͑all below the 6s ionization limit͒ and all levels of the 5d7d configuration ͑15 levels below the 6s ionization limit͒. Absolute calibration of the laser wavelength at the observed transitions was achieved by counting the number of Fabry-Pérot fringes observed between resonance with a known Ba transition and the measured transition. 6 used three-laser excitation from the ground state to Rydberg levels. Collisional ionization from the high levels was detected as an indication of resonance. The 6snp series was examined as well as some 6sn f 3 F 2 and 6sng 1 G 4 levels. Level values were determined by counting the number of Fabry-Pérot fringes between resonance with known 6snp 1 P 1 levels and the observed levels. Absolute energies of some 6snp 1 P 1 levels were determined by comparison to wellknown transitions in Na. Resonance absorption transitions in both Na (3sϪnp) and Ba (6s 2 Ϫ6snp 1 P 1 ) were observed simultaneously by directing a frequencydoubled laser beam through two separate vapors. Extensive multichannel quantum defect theory analysis of the data was also given. Typical uncertainties in the reported level values are on the order of 0.1 cm Ϫ1 , except for the 1 G 4 states where it is 0.34 cm
Ϫ1
. Additional sources [7] [8] [9] [10] of data overlap the three sources cited above. In general there is good agreement among all the sources. The exceptions are typically related to ambiguity regarding the most appropriate designation to be used for some of the levels. For example, Karlsson There is a considerable amount of data of more specialized interest that are not included in Table 1 . Data for bound levels with nϾ25, 4 -9,13,14 for levels with high angular momentum ͑up to lϭ7), 15 for auto-ionizing levels, 16, 17 and for 138 Ba, 18 -26 can be found in the literature. Table 2 contains the compiled wavelengths of neutral Ba. These wavelengths are exclusively from the observations of emission from a hollow-cathode glow discharge by Karlsson and Litzén. 2 The transitions probed by laser and broadband absorption are much less prominent in most laboratory and astrophysical plasmas and have not been included here. Table  2 also contains transition probabilities for many of the observed emission lines. These transition probabilities have been compiled by Klose et al. 3 from a number of sources. [27] [28] [29] [30] [31] [32] [33] Post et al. 20 
Ba II
The energy levels for singly ionized barium are in 35 observed ns and nd Rydberg levels using laser photoionization of an atomic beam followed by laser two-photon excitation of the levels of interest. Detection of the excited atoms was achieved by microwave field ionization. Rasmussen 36 Table 4 are a few infrared lines observed with low resolution by Isaev et al. 40 As is the case for Ba I, Ba II wavelengths observed in absorption by, for example, Roig and Tondello 34 and by Boulmer et al., 35 have not been included.
Klose et al. 3 compiled a large set of absolute transition probabilities for Ba II, only a few of which were experimentally derived. 
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